The size and complexity of modern information systems together with requirements for short development time increase the demands for reuse of already existing solutions. The idea of reuse itself is not novel and the ability of reuse is even a part of the learning process. However, not much support for reuse can be found for the analysis phase of information systems design. Collecting reusable solutions, called patterns, in a library and supporting the search for an appropriate pattern within such a library is one approach addressed in this area. A tool for this purpose has been partly implemented and the results from a case study testing this tool are reported here.
Introduction
The demands put on the new software systems increases continuously with the massive introduction of IT in our society. This line of development influences in turn the requirements during the development of these systems, which often have both comprehensive functionality as well as manage large volumes of data. To meet the needs of the market, short development time has become a necessity and also one of the most competitive instruments for software vendors. This development together with the human ability of reusing old, well tested solutions over and over again has forced modern development strategies into the approaches of object-orientation and component based development: approaches advocating the formalisation of diverse solutions in the shape of objects and components aimed to facilitate reuse.
However, there is a considerable difference on how long the adoption of these approaches has come within the different phases of information systems development. The contrast is clear between the implementation phase, supported by modern environments for standard programming languages offering large libraries of reusable objects, and the analysis phase where no such libraries have yet been implemented. The development of a tool supporting particularly the analysis phase of information systems development and more precisely supporting the conceptual modelling has therefore been the subject of our work.
The terminology of patterns is adopted. The concept was first established by Christopher Alexander. In the beginning of his book "A Pattern Language" [1] he writes: "Each pattern describes a problem which occurs over and over again in our environment, and then describes the core of the solution to that problem, in such a way that you can use this solution a million times over, without ever doing it the same way twice". Even if Alexander worked in, and developed his patterns for the field of architecture, his concept of pattern was applicable for, and inspired people working in the area of object-oriented information systems development.
The aims of our work is to collect a library of patterns and automate the support for finding the most appropriate one for a certain situation, hoping that it is a suitable way for supporting the reuse of the huge amount of knowledge saved in the patterns. As a first step a pattern library including patterns from one domain only, the booking domain, has been collected and a modelling wizard tool for the same domain has been constructed and implemented [10] . As a second step a case study evaluating the usability of the tool has been performed and reported in this paper.
The next section summarises the work on analysis patterns related to our work. Section 3 describes the tool. The goal and the design of the study are described in Sections 4 and 5. Sections 6 and 7 document the outcome of the study. Finally, section 8 summarises the paper and gives directions for further work.
Related Work on Analyses Patterns
One of the earliest contributions on patterns in information systems analysis was provided by Coad, who in 1995 published "Object Models: Strategies, Patterns, and Applications" [2] . The book presents 148 strategy steps for building systems and 31 object-model patterns for building object models, and demonstrates their applicability by using them for building five different systems. Even if Coad dissociates from Alexander's definition of a pattern claming that "A pattern is a template, not a specific solution", his main idea is still reuse. The characteristic for Coad's 31 patterns is that they are very small and generic, usually consisting of no more than two object types and a relationship between them. Coad divides 30 of his patterns in the following four categories: transaction patterns; aggregate patterns; plan patterns; and interaction patterns, and all of these patterns follow a template, the first pattern called the fundamental patterns (redrawn on the right). Coad's patterns do not address a particular problem, but are rather general and may be considered as building blocks of a schema.
Later, in 1996 and 1997 Hay and Fowler, respectively, independently published two more books on analysis patterns ( [5] and [4] ). Both these books collect a number of patterns addressing different problem domains. They do not pretend to be complete solutions, but rather consider parts of solutions, which can be reused in different situations. The main difference from Coad is that Hay's and Fowler's patterns could represent directly or with small modification at least some domains, whereas to model any domain with Coad's patterns a number of patterns need to be synthesized.
However extracting the most suitable pattern for a particular situation, but all these approaches assume that the systems analyser selects the necessary pattern by herself. A step in the direction for supporting the search of a pattern is provided by Purao and Storey. Their initial work in this area [8] , [9] , is based on the patterns defined by Coad, but it focuses on automating the systems design by intelligent pattern retrieval and synthesis. In order to provide such pattern retrieval and synthesis a sentence, of maximum of 24 words, describing the system is required. Based on this system description, patterns (from the library suggested by Coad) are retrieved and synthesised by the usage of techniques for natural language processing, automated reasoning and learning heuristics. When applying some of these techniques extra knowledge is used. The required system description and the retrieval of the solution are the most important differences between Purao's and Storey's approach and the approach in our work. The modelling wizard tool described in the next section does not require any description of the system as a starting point. Instead it gathers information from the user and suggests the most suitable pattern from the pattern library. Besides the information received from the user and the pattern library no other information is used.
The Modelling Wizard Tool
The conceptual modelling wizard is based, as can be seen from its name, on the concept of a wizard tool, i.e., a tool gathering information from the user by asking him a number of questions and suggesting a solution tailored to the set of answers. Applied to the area of conceptual modelling, this wizard poses questions about a domain and suggests a conceptual schema for this domain (a detailed description of the tool can be found in [10] ). So far the wizard supports the booking domain only.
Six questions were collected and implemented in the tool (see Figure 1) . When collecting the questions, different booking solutions -both such found in Fowler [4] and Hay [5] , and such constructed to capture as different booking situation as possible -were analysed. The questions were aimed to cover the differences between distinct booking situations so that a pattern, which provides a satisfactory solution, shall be identified. A brief description of the questions is given below.
The first question is about the cardinality of a booking, i.e., where a booking may consist of several booking lines (e.g. when booking a trip, both tickets and hotel rooms may be reserved), or not (usually when booking a rental car). The second question is about whether a booking concerns a (number of) concrete objects (like when booking a time to dentist) or not (e.g. when booking a book in the library, not a particular exemplar from the book, but rather the title is booked). The third question investigates whether the bookings made within a system have the same character (as is the case for cinema tickets bookings) or whether they may differ. (In the trip booking example above, tickets bookings require departure and destination places and time for departure, whereas hotel room bookings require arrival and departure times and number of beds.) The fourth question is aimed to clarify whether the request for a booking is necessary to keep information about. (For instance, when scheduling room The questions implemented in the tool bookings for university courses, booking requests are collected from the head teachers for each course and used as input in the scheduling work.) The fifth and sixth questions depend on the answer to the fourth question. If booking requests are necessary to keep information about these questions are posed for the booking requests otherwise they are posed for the bookings. The fifth question asks if a motivation (a purpose) for a booking/booking request is necessary. (For the university scheduling work each head teacher gives the course he/she will make the bookings for.) The sixth question asks whether a booking/booking request may be done on behalf of someone else (e.g. a secretary may book the business trips for her/his boss).
For the sake of user-friendliness the questions are placed in sequence by showing a new question first when the previous one has been answered. A conceptual schema solution is gradually built and refined, and graphically presented after each new answer. For instance the first alternative in the first questions should result in the schema in Figure 2a ) whereas the second alternative should result in the solution presented in Figure 2b ). Choosing further the first alternative from the second question should result in expanding the schema into the one shown in Figure 3a ) or 3c), depending on the point of the departure, which is the result from the first question. Choosing the second alternative should give one of the solutions in Figures  3b ) and 3d). 
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The alternative solutions after the first question 
Figure 3
The alternative solutions after the second question
In this way, the wizard interviews the user and piece by piece build a schema depending on the answers. A very basic help function for clarifying the last unanswered question is implemented. Facilities for changing the schemas will also be implemented with the development of the tool. In Figure 4 , two different solutions, a minimal contrasted to a more complex solutions, are shown to illustrate the tool. quality of this kind of tools are the quality of the proposed solutions and the complete- Two answer sets and the contrasting solutions corresponding to them ness of the questions, where the fulfilment of the second one is much more difficult to guarantee. In the works provided in [10] and [11] the completeness of the questions is discussed based on Fillmore's case grammar theory [3] and Coad's library of modelling patterns [2] , respectively. However no one of these approaches can guarantee the completeness of the questions. In order to do that a huge work has to be done empirically, testing the tool on real cases.
According to the usability, the tool may be used for at least two different purposes: by expert software engineers as a starting point in data analysis and reuse processes; and, in the education during the self-study process for improving students' modelling skills. Different case studies testing the usability for these two purposes have to be provided. Due to the easy access to students, our work has initially been concentrated on the usability of the tool as a pedagogical aid.
A first study has been provided. The general hypothesis was that the wizard might successfully be used in the education process. The main expectation from the tool as a teaching aid was that it should stimulate the students to reflect on the different solutions depending on the differences in describing the corresponding situations to be modelled. In this way the students should be pushed to catch different modelling patterns with an underlying understanding about them. The intention was to compare the learning process between a test and a reference group, as well as to analyse the usage of the modelling wizard by the test group. Due to the small number of the subjects in the test group no quantitative, but only qualitative analysis has been done for the second matter.
Method and Design of the Study
37 subjects participated and worked in groups of two or three. Only one subject worked alone. The groups were divided into one test group and one reference group. The test group included nine groups organising 20 subjects and the reference group included seven groups of 17 subjects. All subjects were computer and systems sciences students attending an advanced course on logical and physical database design. The study was performed as an optional assignment of the course and gave a bonus point on the final exam to the students who participated in it. Approximately 80% of the class attended it.
The study consisted of three parts. Firstly, after the usual questions about the age and gender the students were given an initial modelling task for a hospital booking system. The time for this task was limited to 20 minutes and the task was deliberately constructed to be difficult.
Secondly, the students were given four small tasks to be done in a sequence. The domain was chosen to be a university booking system in order to ensure the students' knowledge about it and reduce the uncertainty about the domain. The test groups were asked to use the modelling wizard when performing the tasks, whereas the reference groups were asked to model by pen on paper. This sequence of tasks was constructed to exemplify four different booking situations starting with small and uncomplicated modelling cases and moving into more complex situations. The intention was to push the students to reflect on the similarities and differences between the four different situations. For the test groups, this task also intended to exemplify the capacity of the tool. During this task the test groups ware expected to learn the tool, as well as to reflect on the solutions they were proposed by it. The only introduction to the tool was the information that it consisted of a number of questions and about the help facilities it offered. For the sake of learning the tool, the groups were offered an example solution for each task, as a feed back so the subjects should be able to verify whether they correctly understood the questions placed by the tool or not. The groups with deviating solutions from the example solutions were asked to identify the differences between both solutions in order to force them to further discuss the meaning of each question. To ensure that the reference group had access to the same kind of information as the test group, the example solution were even offered to them as well as a book on conceptual modelling which they were allowed to use during the whole study.
During the third part of the study, the students were asked to reconsider their solutions from the initial task and document improvements, where they had any. The time for this task was limited to 15 minutes. Finally the subjects were asked to individually fill in a questionnaire which for the test group included questions about the reflection on the tool.
The time for the study was limited to two hours. The subjects were asked to evaluate their modelling skills within a scale of one to five 2 three times: in the beginning of the study, after the first part of the study, and finally before the final questionnaire. The study was documented by recording all groups on video.
Results
The schemas produced by the groups during the initial task as well as those produced in the final phase were evaluated by two independent judges. The judges used the same scale as the one used by the students (1-5) for evaluating their modelling skills. The results from these evaluations are shown in Figure 5 . The minus in some cells T1 T2 T3 T4 T5 T6 T7 T8 T9 R1 R2 R3 R4  R5 R6 R7   Initial 2  3  3  3  3  3  3  2  3  2  2  2  2  2  3  2  judge1  Final 3  3  3  2  4  --3  -2  2 Figure 5 The marks for the initial and the final models produced by the test (T1,… ,T9) and the reference (R1,…,R7) groups given by the two judges 3 .
stands for an unchanged schema. Two of the groups did not modify their schemas because they did not thought they gained any new knowledge during the study, whereas three of the groups reconsidered, but ware satisfied with their initial schemas. Generally, the changes improved the schemes. In the cases where it was not noticed with the mark is due to the changes was not big enough or due to in changing parts of the schema some other parts failed outside consideration and was forgotten in the new schema. However, no big difference between the test and the reference group can be noticed on the modelling skills progress during the study. However, a behaviour difference is that the test groups generally suggested much more comprehensive changes when improving their original models, whereas all the reference groups, except one, performed small changes only. The changes are measured by the number of object types introduced or reduced, the number of relations introduced, reduced or changed, and the number of generalization constraints (Isa) introduced to the initial solution (see Figure 6 ). The introduction/ reduction of an object type is considered as a bigger change compared to the changes of a relation, since they have a bigger influence on the stability of a schema [7] . T1 T2 T3 T4 T5 T6 T7 T8 T9 R1 R2 R3 R4 R5 R6 R7
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Figure 6 The differences between the initial and the final schemas 3 Beside the evaluation of the schemas done by the judges, the students' own evaluations on their modelling skills were considered. The subjects were asked to evaluate their modelling skills three times during the study:
• firstly in the beginning of the study;
• secondly after the difficult initial modelling task; and • thirdly at the end of the study after the four small tasks were performed and the reconsideration of the initial schema with possible changes was done.
The reason with the second evaluation was to confirm the first one, whereas the reason with the third evaluation was to measure the subjects' own impression of their progress during the study. The results are presented in Figure 7 and Figure 8 . Most of the subjects kept their evaluations unchanged (shown by minuses in the tables) and no significant differences can be seen between the test and the reference groups. One reason for which the subjects did not increase their marks in the third evaluation may lie in the limited time for which the study was performed. One hour, which the subject approximately had for performing the sequence of the four modelling tasks, was not long enough to give the students confidence to evaluate their own skills with a higher mark. Instead some subjects decreased their marks. Notable, even if not surprisingly, is that the five subjects who decreased in their evaluation were all female. Notable is also that one subject, subject number 34, evaluated his skills with five plus, a mark outside the given scale. gr  T1  T2  T3  T4  T5  T6  T7  T8  T9  nr  1  2 
The test subjects own evaluations of his/her modelling skills (gr = the number of the group, nr = the number of the subject, gen = the gender of the subject, ev = evaluation) 
The references subjects own evaluations of his/her modelling skills
Finally, an interesting observation is that no one from the reference groups used the book they were offered. Most of them just forgot, immediately after reading the instructions, that a book was available and they did not even note the presence of it beside other necessary material like paper and pens.
Evaluation
In this section some reflection made from the test groups' work with the modelling tool are presented. Since the number of the test subjects is only 20 no reliable quantitative measures may be done. Instead qualitative analysis has been performed. It is based on the questions posed to the subjects after their work with the tool. The analysis was supported by the video records from the study. In the questionnaire, the subjects were asked to answer about the questions, the examples, and the solutions from the tool as well as whether they reflected on the schemas, and finally how they assessed the tool for teaching aims. Six alternatives: 'not at all', 'very little', 'little', 'much', 'very much', and 'very very much' and place for comments were given to each question.
Were the questions implemented in the wizard clear?
The questions: 1) "Did you understood the questions which the tool placed?" and 2) "How difficult did you find the questions placed by the tool?" were placed to gather information for the formulations of the questions and their impact on the domain analysis process. The subjects' impressions from the question were mixed. Some of them found the questions clear where other found them unclear. Some of the subjects found the questions difficult whereas others did not. However, generally the meaning of the second question in the tool "Does a booking concern a (number of) a) concrete object(s), or b) does it rather specify the character of the objects(s)?" was difficult to grasp by the subjects. Even the fourth question, which includes the same distinction, i.e., the distinction between an object and an object specification, caused problems. This distinction needs therefore to be better clarified.
Furthermore, the fifth question, asking whether a motivation is needed for a booking, was usually misinterpreted, even if it did not confuse the subjects, since they did believe they correctly understood it. Unfortunately, the choice of the word motivation was the failure since it did not get the subjects to associate with the action, for which a booking is done.
Did the students use the help examples?
Most of the subjects did use the help examples. Most of them thought that the examples were clearly written. Still, some subjects thought that the examples were difficult to transfer to the problems they had to solve and had therefore difficulties in using them immediately. Even the opinion that all the examples should follow one and the same case was uttered. The reason for not giving the examples from the same case now was the intention to find the most suitable examples rather than to pick them up from the same case.
Furthermore, more sophisticated help was required. Some subjects wanted to see in advance what the result of choosing different answer alternatives should be. This effect is for the moment obtained by picking different answer alternatives and considering the suggested solutions. However, in this way only one schema is shown at the time, which does not for instance support comparison of schemas resulting from different answers. Comparing two or three solutions may, therefore, be facilitated by extending the help function in the way proposed by the subjects.
Did the tool support reflection?
On the question "Did the tool help you to reflect on your schemas?" answered only one subject 'not at all'. This was the same subject who worked alone. Ten subjects (of 20) answered very positively by choosing one of the alternatives 'much', 'very much' or 'very very much'. Almost all of these ten subjects have also answered positively on the first question whether they understood the questions or not. Therefore, a possible relation may be that students who understood the questions were also able to understand and reflect on the solutions suggested by the tool.
Shall such a tool be used for teaching aims?
Fifteen (of 20) subjects answered positively on this question. One subject did not have any opinion on this subject. Most of those who judged the tool positively as a teaching aim thought they had learned 'a little' or 'much' from it and/or that it was 'motivating' or 'very motivating' to use it. Also all the subjects who thought that the tool supported reflection answered positively on this question.
The four subjects who were negative for using the tool within the education motivated it in the following way: "The general object names were not good. Explanation on why the tool models in a certain way is missing", "The answer alternatives were too limited", "The tool does not give chance to experiment, which often teaches more", "I better like to work for myself instead of getting questions". The last two comments are difficult to do anything about and they are therefore left aside. The generality, both of the questions and of the suggested solutions, is necessarily for such a tool. It is indeed desirable to be able to change the names in the suggested solutions with application specific words, which is not yet supported by the prototype, but is planned to be added to the tool's functionality. According to the limitation of the answer alternatives it is important to guarantee the completeness of the alternatives for each question, which we consider they are. However, much more difficult is to guarantee the completeness of the questions and a lot of empirical studies are necessary before doing this. Finally, since the comment on missing explanations from the tool was even left from other subjects we are discussing it in the following subsection.
General Observations
Some subjects did not get the connection between the questions and the presented solutions. One suggestion was to improve the help function by explaining how a particular answer influences the development of a schema and why. Another possible solution is to implement verbal feedback explaining impact of the answers on the suggested solutions. Beside, a different reflection that may have a big influence on the understanding of a schema, is that all compulsory relations should be drawn from the very start. For instance, a booking is always made for a party. Introducing an object type Party connected to the object type Booking already in the beginning should help on understanding the intermediate solutions considerably. For the moment the Party object type is introduced very late in the intermediate solutions and it turns out from the study that this is inappropriate.
Surprisingly, some subjects found difficulties with the language. Two of those who were negative for using the tool as a teaching aim pointed out this as a problem. The language in the tool is English. However, the instructions for the study and the exercises were given in Swedish. The language difficulty was explicitly noted by some subjects when they had to answer on how well they understood the questions and the examples. Other had difficulties with interpreting some parts of the suggested solution due to problems with understanding some words. It was surprising since a large part of the literature for the university students is in English and the subjects were not expected to have problems with the language. However, the language used in a conceptual schema is really limited and not recognising a single word may cause problems for understanding a whole schema.
Furthermore, a limitation of the tool was identified when preparing the study. This limitation appears in the case when different booking categories are distinguished (identified by question 4) and they differ in matters identified by the rest of the questions. For the moment, the rest of the questions are posed for all the different bookings together, instead of posing them for each one category separately. The subjects were asked to note any limitations they discovered. The initial modelling task was deliberately constructed to include the situation described above. However, no one of the subjects found this limitation. Only one of the test groups had a suggestion about extension of the tool namely, that it should even ask whether a withdrawn booking should be taken care of, or not.
Conclusions and Further Work
The subject for this work has been reuse in the information systems analysis process. It is one in a series of works on documentation and collection of analysis patterns in order to expose them and make them easily available for the systems engineers. The approach is however slightly different from the proceeding approaches [2] , [4] , and [5] by its attempt for automating the search for the most suitable pattern when a library has been collected. It also differs from [9] by its attempt of gathering the necessary information directly from the user, instead of using meta-knowledge for the retrieval of an appropriate solution. The goal is to realize these properties by a modelling wizard tool. Such a tool should be useful in some of the following situations:
• To support novices in the process of domain analysis and conceptual schema construction; • To be used by expert software engineers as a starting point in data analysis and reuse processes; • With some extensions to be tailored for novice database developers with no formal knowledge, of database design, developing their own databases for use in the home; • In the education during the self-study process for improving students' modelling skills.
As a necessary step of the development of a tool, a prototype developed for one domain has been implemented [10] . Before any work on generalising the prototype was provided [11] , a case study investigating the usability of the tool has been performed. The study aimed to evaluate the tool as a pedagogical aid, as well as to give input about the opinion about such a tool. It was performed on students. The hypothesis of the study was that the tool could successfully be used in the education process. The outcome of the study is that, for the short time the subjects had, there was not a considerable difference in the learning capacity between subjects who used it and those who did not. However, a positive result from the study was that the subjects who used the tool differed from the subjects who did not, in the number of changes they wanted to perform in a schema constructed by them earlier in the study. Furthermore, the subjects who used the tool were positively for using it within the education. Some of them explicitly noted that the usage of such tools should be on voluntary bases and as a complement to, rather as a reduction of, the teachers.
The future work will go in three main directions carried out in parallel.
• The generalisation of the tool into domain independent wizard, continuing the work provided in [11] . It is necessary to provide research on how a general tool shall be constructed in order to support the modelling of complex UoD ranging over, not only one but, several different domains. One possibility should be to equip the modelling wizard with schema integration facilities. Still a number of questions should need to be considered in order to coordinate the behaviour of the tool with the behaviour of a user. One such question is to investigate the human's techniques when modelling complex domains and her way of dividing complex problems into smaller parts, either to make them easily to grasp and solve, or to distribute the responsibilities between different parties; • The evaluation of the completeness of the wizard, which have to be done by empirical work either by using the wizard in a number of real cases or by letting a number of experts use and evaluate the tool; and
•
The evaluation of the usability of the tool for the different categories of users mentioned above. The work on evaluating the wizard as a pedagogical aid can be extended to also consider the usage of the tool for a longer time in the education process, i.e., the impact of the tool when using it during a whole course, rather than using it for one hour only.
